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(54) ACTUATOR CONTROLLER AND OPTICAL DISK DEVICE USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To inexpensively perform 
stable pull-in operation even when an external vibration 
occurs by directly detecting a speed of an objective lens 
in the focus direction caused with the external vibration 
and the speed in the tracking direction and operating an 
actuator controller so as to reduce respective speeds. 
SOLUTION: A focusing back electromotive voltage 
detection means 12 detects a back electromotive voltage 
generated on a focus actuator 3, and a focusing speed 
control means 13 generates a focus speed control signal 
so as to reduce the speed of the objective lens 2 in the 
direction vertical to a disk surface 1 based on the 
detection result to send it to a second focusing switching 
means 14. Further, a tracking back electromotive voltage 
detection means 22 detects the back electromotive voltage generated on a tracking actuator 
4, and generates a tracking speed control signal so as to reduce the speed of the objective 
lens in the disk radial direction based on the detection result to output it to a first tracking 
switching means 20. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical disk unit which used an actuator control 
device and this, and relates to the actuator control device which enables the focal level-luffing-motion 
actuation and tracking level-luffing-motion actuation which were excellent in stability also at the time of 
extraneous vibration generating, and the optical disk unit using this by having the function in which the 
focus of the objective lens especially produced by extraneous vibration and the rate of the direction of 
tracking are detected, and this is reduced. 
[0002] 

[Description of the Prior Art] In the optical disk unit, control of a focus and tracking is performed by 
driving the actuator (moving part of an actuator) with which the objective lens was attached to a 
direction perpendicular to the field of an optical disk, and radial [ of an optical disk ]. The actuator 
consists of a moving coil, a permanent magnet, etc. like the loudspeaker, and an objective lens runs by 
the moving coil and one. 

[0003] This objective lens and moving coil are supported with the mechanical spring or the magnetic 
spring, if vibration joins an optical disk unit from the exterior, an objective lens may vibrate, and the 
serious failure for drawing-in actuation of a focus and tracking etc. may occur. 

[0004] A motion of the objective lens by extraneous vibration is oppressed, there are an approach using 
an acceleration sensor as an approach of raising earthquake-proof ability, an approach using a state 
observer, etc., and the technique indicated by JP,9-147374,A and JP,10-134365,A, for example is 
mentioned as a well-known example. 

[0005] By the approach using the above-mentioned acceleration sensor, direct detection of the 
acceleration by which equipment is swayed can be carried out, and the shake of the objective lens by 
vibration can be reduced by adding the detected signal to the driving signal of an actuator. Moreover, by 
having the equivalence model of an actuator in an observer, indirectly, the approach using a state 
observer can detect the shake of an objective lens, and can reduce the shake of the objective lens by 
vibration by adding the detected signal to the driving signal of an actuator. Also in which technique, a 
control system with earthquake-proof high ability can be acquired, and the dependability of equipment 
can be raised. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the approach using the above-mentioned 
acceleration sensor serves as cost quantity in order to add new components. Moreover, attaching an 
acceleration sensor in the body of an objective lens has many impossible things from problems, such as 
a tooth space and weight. Therefore, an error produces vibration detected by the acceleration sensor 
attached in equipment, and vibration by which an objective lens is actually swayed. 
[0007] On the other hand, by the approach using a state observer, since the error by modeling arises, at 
the time of mass production, each adjustment is needed. 

[0008] The purpose of this invention is controlling to carry out direct detection of the rate of the 



direction of a focus of the objective lens produced by extraneous vibration, and the rate of the direction 
of tracking, and to reduce the rate of each direction, and is to offer the control device of the actuator 
which performs cheaply level-luffing-motion actuation which was excellent in stability also at the time 
of extraneous vibration generating, and the optical disk unit using this. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the control unit of the 
actuator of this invention carries out direct detection of the rate of the direction of a focus of the 
objective lens produced by extraneous vibration, and the rate of the direction of tracking as mentioned 
above, and it operates so that each rate may be reduced. For this reason, the control unit of the actuator 
of this invention The focal actuator which drives an objective lens, and a sweep control signal 
generating means to control actuation of a focal actuator so that an objective lens moves at the rate of 
predetermined, A focal control signal generating means to control actuation of a focal actuator so that 
the focus of an objective lens suits on a disk, A switching means for focuses to change and output the 
output of a sweep signal generation means, and the output of a focal control signal generating means, A 
reverse electromotive voltage detection means to detect the reverse electromotive voltage generated in a 
focal actuator, A speed-control means to control a focal actuator to reduce the rate of the direction of a 
focus, A means to calculate the output of a speed-control means, and the output of the switching means 
for focuses, The focal actuator driving means which drives a focal actuator, The band limit filter for 
focuses, and the tracking actuator which drives an objective lens, the focus of an objective lens — a 
predetermined truck — location ****-- with a tracking control signal generating means to control a 
tracking actuator like The delivery device to which it is wide range and an objective lens is moved, and 
the delivery motor which drives a delivery device, A delivery motor control signal generation means to 
control a delivery motor, and a reverse electromotive voltage detection means to detect the reverse 
electromotive voltage generated in a tracking actuator, A speed-control means to control to reduce the 
passing speed of the direction of tracking of an objective lens, A switching means for tracking to change 
and output the output of a tracking control signal generating means, and the output of a speed-control 
means, It has the tracking actuator driving means which drives a tracking actuator, a delivery motorised 
means to drive a delivery motor, and a band limit filter for tracking. Moreover, it restricts into sweep 
actuation of the focus which does not perform feedback control of an actuator, or the seek operation of 
tracking, and a switching means is operated so that the speed can be controlled in an objective lens. 
Furthermore, when an objective lens may collide with a movable range edge by sweep working, 
vibration, etc., a switching means is operated so that the speed may not be controlled. By having the 
above means, direct detection of the rate of the direction of a focus of the objective lens produced by 
extraneous vibration and the rate of the direction of tracking can be carried out, the rate of each direction 
can be reduced, and the earthquake-proof ability at the time of the level luffing motion of focal control 
and tracking control can be improved. Therefore, the dependability of equipment can be improved. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained using a 
drawing. Drawing 1 is drawing showing the configuration of the actuator control unit of the optical disk 
unit concerning 1 operation gestalt of this invention. 

[001 1] In drawing 1 1 an objective lens and 3 for a disk and 2 A focal actuator, 4 a delivery device and 6 
for a tracking actuator and 5 A detector, A focal error signal detection means and 8 7 A focal control 
signal generating means, A focal jump signal generation means and 10 9 A focal sweep signal 
generation means, The 1st switching means for focuses and 12 11 The reverse electromotive voltage 
detection means for focuses, The speed-control means for focuses and 14 13 The 2nd switching means 
for focuses, 15 a focal actuator driving means and 17 for an adder and 16 A tracking error signal 
detection means, A tracking control signal generating means and 19 18 A delivery control signal 
generating means, The 1st switching means for tracking and 21 20 The 2nd switching means for 
tracking, The reverse electromotive voltage detection means for tracking and 23 22 The speed-control 
means for tracking, For a delivery motorised means and 26, as for a spindle motor and 30, a delivery 
motor and 29 are [ 24 / a tracking actuator driving means and 25 / a disk rotational-speed detector and 



31 ] disk roll control means. 

[0012] Here, the speed-control means 13 for focuses and the speed-control means 23 for tracking have 
the band limit filter for focuses, and the band limit filter for tracking inside, respectively. 
[0013] Next, the outline of each block of the focal system of drawing 1 of operation and the relation 
during each block are explained. 

[0014] The focal actuator 3 moves an objective lens 2 to the field and perpendicular direction of a disk 1 
so that the light beam which carried out outgoing radiation from the objective lens 2 may connect a 
focus on the recording surface of a disk 1 . The reflected light from a disk 1 is detected by the detector 6, 
and the detected signal is sent to the focal error signal detection means 7 and the tracking error detection 
means 17. 

[0015] The focal error detection means 7 is sent to the focal control signal generating means 8 by 
making into a focal error signal the error which detected and detected the error of a focal distance based 
on the signal sent from the detector 6. A focal control signal is generated and the focal control signal 
generating means 8 sends the generated control signal to the 1st switching means 1 1 for focuses so that a 
focal error may be reduced based on a focal error signal. 

[0016] Moreover, the focal jump signal generation means 9 generates the focal jump signal for moving a 

focus to another layer from a certain layer, when a disk 1 has two or more layers as a record playback 

side. The generated jump signal is sent to the 1st switching means 1 1 for focuses. 

[0017] The focal sweep signal generation means 10 generates the focal sweep signal for moving an 

objective lens 2 in the direction perpendicular to the field of a disk 1 in the predetermined range, when 

performing a setup and adjustment of various parameters besides in the case of retracting focal control. 

The generated sweep signal is sent to the 1st switching means 1 1 for focuses. 

[0018] Based on the external input signal a, the 1st switching means 1 1 for focuses makes alternative 

selection of the focal control signal and the focal jump signal which have been sent, and the focal sweep 

signal, and sends the selected signal to an adder 15. 

[0019] The reverse electromotive voltage detection means 12 for focuses is constituted by the circuit 
shown in drawing 4 R> 4, detects the reverse electromotive voltage produced in the focal actuator 3, and 
sends the detected reverse electromotive voltage to the speed-control means 13 for focuses. Based on the 
sent reverse electromotive voltage, the speed-control means 13 for focuses generates a focal speed 
control signal which reduces the rate of a direction perpendicular to the field of the disk 1 of an 
objective lens 2, and sends the generated speed control signal to the 2nd switching means 14 for focuses. 

[0020] The 2nd switching means 14 for focuses sends the speed control signal which outputted and 
outputted the speed control signal in the predetermined period under sweep actuation to an adder 15 
based on the external input signal b. 

[0021] An adder 15 adds the output of the 1st switching means 1 1 for focuses, and the output of the 2nd 
switching means 14 for focuses, and sends an addition signal to the focal actuator driving means 16. The 
focal actuator driving means 16 drives the focal actuator 3 based on an addition signal. 
[0022] Then, the detail of actuation of each block of a focal system is explained. The above-mentioned 
external input signal a is an external signal for changing the focal control action for positioning a focus 
on a disk side, the focal jump actuation in which a focus is positioned in another layer, and the sweep 
actuation for focal level luffing motion, parameter input, and adjustment. Therefore, the 1st switching 
means 1 1 for focuses changes a focal control signal, a focal jump signal, and a focal sweep signal 
corresponding to each actuation, and outputs them to an adder 15. Drawing 2 shows the situation of 
change actuation with the focal control action (feedback (FB) control action) and sweep actuation by the 
external input signal (change signal) a as one example of change actuation of the 1 st switching means 1 1 
for focuses. 

[0023] moreover, the case where it is at the sweep actuation time, and sweep signal level is less than the 
predetermined range as the above-mentioned external input signal b is shown in drawing 2 — the 
actuation of those other than Hi and a sweep, and a sweep - even when it is working - sweep signal 
level - predetermined - it is set to Lo in being out of range. Therefore, the 2nd switching means 14 for 



focuses outputs a focal speed control signal to an adder 15 only during the sweep actuation whose sweep 
signal level is less than the predetermined range. Thus, the operating range of speed control will be 
restricted for malfunction arising, if an objective lens 2 moves to near the edge of the movable range and 
bumps into a stopper, therefore, the 2nd switching means 14 for focuses - above — a sweep — it is 
working, and when sweep signal level is less than the predetermined range, it operates so that speed 
control may work. However, even if the movable range of an objective lens 2 is wide enough and 
vibration is added during sweep actuation, when an objective lens 2 cannot collide, it is not necessary to 
restrict the operating range of speed control. 

[0024] The reverse electromotive voltage detection means 12 for focuses is constituted by the bridge 
circuit as shown in drawing 4 R> 4. For said focal actuator and 41, as for the 2nd resistance and 43, in 
drawing 4 , the 1st resistance and 42 are [ 3 / the 3rd resistance and 44 ] differential amplifier 
(difference-voltage-detector means). 

[0025] Said focal actuator 3 and 1st resistance 41 are connected to a serial, the 2nd resistance 42 and the 
resistance 43 of the 3rd are connected to a serial, and to the list of the order of the focal actuator 3 and 
the 1st resistance 41, it is the list of the order of the 2nd resistance 42 and the 3rd resistance 43, and 
components 3 and 41 and components 42 and 43 are connected to juxtaposition. And the node of the 1st 
resistance 41 is connected with the focal actuator 3 at one input point of the differential amplifier 44, 
and the node of the 2nd resistance 42 and the 3rd resistance 43 is connected to the input edge of another 
side of the differential amplifier 44. 

[0026] Here, when the resistance of R2 and the 3rd resistance 43 is set [ the resistance of the focal 
actuator 3 / Rf and the resistance of the 1st resistance 41 ] to R3 for the resistance of Rl and the 2nd 

resistance 42, it is Rf/R1**R2/R3 By filling the relation of the (3) type above-mentioned (3) type, 

the reverse electromotive voltage produced in the focal actuator 3 is made detectable. 
[0027] A model when the reverse electromotive voltage e occurs is shown in drawing 5 . If output 
voltage of an actuator driver is made into Vin+ and Vin-, the electrical potential difference between the 
focal actuator 3 and the 1st resistance 41 is set to VI and the electrical potential difference between the 
2nd resistance 42 and the 3rd resistance 43 is set to V2 VI and V2 Vl=Rl/and (Vin+-Vin--e) (Rl+Rf), 
+Vin- .... (9) Formula V2=R2/and (Vin+-Vin-) (R2+R3), +Vin- .. It is expressed with the (10) type 
above-mentioned (9) type and (10) types, respectively. 

[0028] (9) It is the output voltage Vout of the differential amplifier 44 from a formula and (10) types. 
Vout=V2-Vl=Rl/(Rl+Rf) ande .... It is expressed with (1 1) type above (1 1), and it is detecting Vout 
and the value proportional to the reverse electromotive voltage e is acquired. 

[0029] in order [ moreover, ] to prevent the fall of maximum current which flows to the focal actuator 3 
- this operation gestalt — R£>=10 and Rl .... (1) type 10 and Rf<=R2 (2) .. set up the constant of each 
component so that the relation of a formula may be filled. 

[0030] The band limit filter contained in the speed-control means 13 for focuses is set up so that the 
open-loop transfer function of focal speed control may serve as frequency characteristics as shown in 
drawing 6 among the block diagrams shown by drawing 1 . With the main resonant frequency of an 
actuator, and the main resonant frequency of the vibrationproofing foot prepared in earthquake-proof, 
the gain of an open-loop transfer function is set up so that it may be set to OdB or more. It is for it being 
the main resonant frequency of an actuator and a vibrationproofing foot that an objective lens 2 is most 
shaken by extraneous vibration at high speed, and this making speed control act effectively with this 
main resonant frequency. Moreover, the cut off frequency by the side of low-pass is set up more highly 
than the frequency of a sweep signal. This is for making it speed control not answer a sweep signal. 
Moreover, by cutting DC component of a control signal, also when offset voltage occurs in reverse 
**********, adjustment of offset becomes unnecessary. The cut off frequency by the side of a high 
region is set up in consideration of the earthquake-proof specification of equipment. 
[0031] In this operation gestalt, the band limit filter for focuses contained in the speed-control means 13 
for focuses When set a lower cut off frequency to omega 1, an upper cut off frequency is set to omega 2, 
the frequency of the sweep signal outputted from said sweep control signal generating means 10 is set to 
omegas and main resonant frequency of said focal actuator 3 is set to omegafc, omega s<omega 



Komega fc<omega 2 .... It carried out as [ become / the relation of the (4) type above-mentioned (4) 
type ], and the limit band is determined. 

[0032] Next, the outline of each block of the tracking system of drawing 1 of operation and the relation 
during each block are explained. Here, the block which is the same actuation as a focal system omits 
explanation. 

[0033] The tracking actuator 4 moves an objective lens 2 to radial [ of a disk 1 ], and positions a light 
beam in the truck on a disk. Moreover, the delivery device 5 is the range larger than the movable range 
of the tracking actuator 4, and moves pickup to radial [ of a disk 1 ]. 

[0034] The tracking error signal detection means 17 is outputted to the tracking control signal generating 
means 18 based on the signal sent from the detector 6 by making into a tracking error signal the error 
which detected and detected the error a light beam and disk radial [ based on trucks ]. A tracking control 
signal is generated and the tracking control signal generating means 1 8 outputs the generated control 
signal to the 1st switching means 20 for tracking, and the delivery control signal generating means 19 so 
that a tracking error may be reduced based on a tracking error signal. 

[0035] The delivery control signal generating means 19 performs two kinds of actuation based on the 
external input signal c. That is, in the case of the tracking control action which follows a truck, the 
delivery control signal generating means 19 outputs the follow-up control signal which generated and 
generated the follow-up control signal based on the tracking control signal to the 2nd switching means 
21 for tracking. With this follow-up control signal, the delivery device 5 moves pickup so that the 
objective lens 2 driven with the tracking actuator 4 may be followed. Moreover, in the case of the seek 
operation which crosses many trucks comparatively, the delivery control signal generating means 19 
generates the seeking control signal according to migration length, and outputs the generated seeking 
control signal to the 2nd switching means 21 for tracking. 

[0036] The 2nd switching means 21 for tracking outputs the signal which chose and chose the follow-up 
control signal and the seeking control signal to the delivery motorised means 25 based on the external 
input signal c. 

[0037] The reverse electromotive voltage detection means 22 for tracking is carrying out the same 
configuration as the reverse electromotive voltage detection means 12 for focuses shown in drawing 4 , 
detects the reverse electromotive voltage produced in the tracking actuator 4, and outputs the detected 
reverse electromotive voltage to the speed-control means 23 for tracking. Based on the inputted reverse 
electromotive voltage, the speed-control means 23 for tracking generates a tracking speed control signal 
which reduces the disk radial rate of an objective lens, and outputs the generated speed control signal to 
the 1st switching means 20 for tracking. 

[0038] Based on the external input signal c, in the case of the above-mentioned tracking control action, a 
tracking control signal is outputted to the tracking actuator driving means 24, and, in the case of the 
above-mentioned seek operation, the 1 st switching means 20 for tracking outputs a speed control signal 
to the tracking actuator driving means 24. 

[0039] In addition, drawing 3 shows the situation of OFF 1 substitute actuation with the tracking control 
action (feedback (FB) control action) and seeking control action by the external input signal (change 
signal) c. 

[0040] The tracking actuator driving means 24 drives the tracking actuator 4 based on the outputted 
signal. 

[0041] Moreover, based on the output of the 2nd switching means 21 for tracking, the delivery 
motorised means 25 drives the delivery motor 26, and operates the delivery device 5. 
[0042] Here, actuation of a tracking system is divided and explained to the mode of operation of 
equipment. A mode of operation can be divided roughly into the tracking control action which follows a 
truck, and the seek operation which crosses many trucks comparatively. 

[0043] In the case of tracking control action, an objective lens 2 is mainly moved by the tracking 
actuator 4 using a tracking control signal. On the other hand, as for the case of seek operation, pickup is 
moved according to the delivery device 5, and actuation of the objective lens 2 by the tracking actuator 4 
is not performed. If an objective lens 2 is swayed by extraneous vibration in this seek operation, the 



tracking level-luffing-motion actuation at the time of seek operation being completed and shifting to 
tracking control action will become unstable. Then, the inside of seek operation performs tracking speed 
control by reverse ******. 

[0044] The band limit filter contained in the speed-control means 23 for tracking is set up so that it may 
become the almost same property as the band limit filter contained in the speed-control means 13 for 
focuses. However, in tracking, in order not to perform sweep actuation, the cut off frequency by the side 
of low-pass is set up so that DC component of a control signal may be cut. The cut off frequency by the 
side of a high region is set up near the upper limit of a specification value in consideration of the 
earthquake-proof specification of equipment. 

[0045] When the band limit filter for tracking contained in the speed-control means 23 for tracking set 
the lower cut off frequency to omega 3 with this operation gestalt, the upper cut off frequency was set to 
omega 4 and main resonant frequency of the tracking actuator 4 is set to omegatc omega3<omega 
tc<omega 4 .... The limit band is determined as it became the relation of the (8) type above-mentioned 
(8) type. 

[0046] In addition, although the reverse electromotive voltage detection means 22 for tracking is not 
illustrated, as stated also in advance, it consists of the same bridge circuits as the reverse electromotive 
voltage detection means 12 for focuses shown in drawing 4 , and has become what transposed the focal 
actuator 3 in drawing 4 to the tracking actuator 4. Although not illustrated, it sets for the reverse 
electromotive voltage detection means 22 for tracking here. The focal actuator 3 of drawing 4 is used as 
the tracking actuator 4, resistance 41 of the 1st of drawing 4 is considered as the 4th resistance, and 
resistance 42 of the 2nd of drawing 4 is considered as the 5th resistance. The resistance 43 of the 3rd of 
drawing 4 as the 6th resistance When it replaced, respectively, and R4 and the 5th resistance are set to 
R5 and the 6th resistance is set to R6 for Rt and the 4th resistance, with this operation gestalt, the 
resistance of the tracking actuator 4 Rt>=10, R4 .... (5) type 10 and Rt<=R5 .. (6) type Rt/R4**R5/R6 .. 
The relation of the (7) type above-mentioned (5) type, (6) types, and (7) types is filled. 
[0047] Finally, the roll control of a disk is explained. A spindle motor 29 rotates a disk 1 and the disk 
rotational-speed detector 30 detects the rotation period of a revolving disk. The rotation period of the 
detected disk is sent to the disk roll control means 31. Based on the rotation period of a disk, the disk 
roll control means 3 1 is controlled so that a disk turns a predetermined rotation period, and it drives a 
spindle motor 29. 

[0048] Actuation which was excellent in stability about focal control and the level-luffing-motion 
actuation at the time of tracking control initiation also at the time of extraneous vibration generating can 
be cheaply performed as mentioned above by controlling both actuators to reduce the rate which 
detected and detected the rate of the direction of a focus of an objective lens, and the direction of 
tracking using the reverse electromotive voltage generated with a focal actuator and a tracking actuator 
in this operation gestalt. Moreover, stabilization of operation is realizable by setting up the timing-and- 
control band of each speed control of operation. Therefore, the dependability of equipment can be 
improved cheaply. 

[0049] In addition, in the operation gestalt mentioned above, although speed control is operating without 
distinguishing the time of the sweep actuation for focal level luffing motion, and the sweep actuation for 
various parameter setups or adjustment, this invention is not restricted to this. The same effectiveness is 
acquired, even if it does not operate sweep actuation for a setup or adjustment or makes it not output 
speed control to it with the switching means 14. 
[0050] 

[Effect of the Invention] As stated above, this invention can attain the desired end. That is, actuation 
which was excellent in stability also at the time of extraneous vibration generating can be cheaply 
performed about focal control and the level-luffing-motion actuation at the time of tracking control 
initiation by controlling the speed to both actuators so that the rate which detected and detected the rate 
of the direction of a focus of an objective lens and the direction of tracking may be reduced using the 
reverse electromotive voltage generated with a focal actuator and a tracking actuator. Moreover, 
stabilization of operation is realizable by setting up the timing-and-control band of each speed control of 



operation. Therefore, the dependability of equipment can be improved cheaply. 



[Translation done.] 
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